The membrane bioreactor technology (MBR) is nowadays a suitable alternative for winery wastewater treatment, thanks to low footprint, complete suspended solids removal, high efficiency in COD abatement and quick start-up. In this paper, data from two full-scale MBRs equipped with flat-sheet membranes (plant A and plant B) are presented and discussed.
INTRODUCTION
Winery wastewater composition is strongly affected by several factors which on their turn are related to the seasonality of wine-making process. Depending on the considered production step, winery wastewater present a typically high COD concentration (1,000 -25,000 g m 23 )
whose readily biodegradable fraction ranges from 70 to 95% (Petrucciolli et al. 2002; Andreottola et al. 2005) . The high concentration of ethanol and, on a temporary basis, sugars (fructose, glucose) in winery wastewater justifies the choice of a biological treatment. Although recent bench scale studies report physical-chemical treatment steps to be successful (Agustina et al. 2008; Kirzhner et al. 2008; Lucas et al. 2009) , indeed the high biodegradability degree makes biological wastewater treatment accounting for the largest number of applications. Different typologies of aerobic treatment have been successfully applied to winery wastewater, including conventional activated sludge (CAS), sequencing batch reactors (SBR), fixed film bioreactors (inter alia Andreottola et al. 2002; Petrucciolli et al. 2002;  are the higher flexibility in operation with respect to the fluctuations of the organic loading rate, the possibility to convert and retro-fit existing compartments when an increased capability is needed. Furthermore, in view of the reduction of sludge production, systems like MBR that have lower sludge production, can be promising. Up to date only few references are available in scientific literature, mainly at either bench or pilot scale (Artiga et al. 2005 (Artiga et al. , 2007 recently, inferences from a full-scale MBR have been reported by Bolzonella et al. (in press) . Conversely, several full-scale installations with different commercial membranes have been built and started up during last years, in order to fulfil the more stringent limitations for discharge.
In the present paper, data from two different full-scale
MBRs for winery wastewater treatment are discussed, with a special focus on influent COD fractionation, biological kinetics assessment, sludge filterability and dewaterability.
Some key-factors for optimal process design and operation are then highlighted.
MATERIALS AND METHODS

Full-scale MBRs for winery wastewater treatment
Plant A Factory A is located in North-Eastern Italy (Friuli Venezia Giulia Region); its production cycle does not involve any step of the conventional vinification process (pressing, fermentation, etc.) and mainly consists in filtration, blending and bottling wines coming from small local farmers.
On the whole, the yearly wine production is 70,000 hL y 21 , including white and red wines. Since its start-up in late 70s the factory has been equipped with a CAS process for the wastewater treatment; in 1999 the CAS was converted into a SBR and in 2005 it was further retro-fitted into a MBR.
The main wastewater flow is given by washing water from indoor spaces and wine storage tanks, although the internal sewage network (toilets, canteen, wine shop) is also connected to the influent pipeline. 
Physical properties of the sludge
Batch filtration tests were performed in a Sartorius cell to determine the sludge filterability from both sites.
Filterability was expressed in terms of (aC) in the V vs t/V plot, by means of the Carman-Kozeny equation: 
COD fractionation in influent wastewater
In order to avoid any limitation related to biomass acclimatisation, the COD fractionation in influent wastewater was carried out using sludge sampled at plant A, which was preliminarily aerated to reach endogenous respiration condition. The experimental OUR and DO profiles for calculating influent biodegradable COD (S S þ X S ) and readily biodegradable COD (S S ) are plotted in Figure 1a and b respectively. The influent total COD concentration was 392 g m 23 , with a filtered COD of 174 g m
23
. The S S fraction was 32% of total COD, while S S þ X S was 58% of total COD. wastewater for an entire operational period (7 months).
Kinetic and stoichiometric parameters of heterotrophic biomass
The sensitivity analysis of the model show that the most significant parameter to be determined by fitting the
and t (d) (see Table 1 for units). The term m max,STO is the maximum biomass growth rate on storage products, while q max and t are the maximum daily substrate up-take rate and a time-constant respectively.
As shown in Figure 2 , the main OUR component after spike addition is due to growth on S S and substrate storage;
once S S has been depleted, growth on X STO becomes predominant until endogenous conditions are reached.
Estimated and calculated parameters are summarised in 
Sludge filterability and dewaterability
The batch filtration test at 0. ).
This causes a rapid decrease of the oxygen concentration in the oxidation tank, resulting in peaks of effluent COD higher than the required standards.
COD fractionation in influent wastewater
Plots for biodegradable COD and readily biodegradable COD are shown in Figure 3 . Compared to plant A, a much higher fraction of biodegradable COD was observed (99%), the soluble quote being 90% of total COD (3,600 g m 23 ).
Kinetic and stoichiometric parameters of heterotrophic biomass
As for plant A, kinetic and stoichiometric parameters have been determined through the respirogram modelization; OUR profiles and model parameters are in Figure 4 and Table 2 respectively. According to data listed in Table 2 , sludge of plant B
shows a lower propensity to substrate storage, which is presumably due to the higher organic loading rate com- 
Sludge filterability and dewaterability
The filterability behaviour of both sludge samples is shown in Figure 5 . Specific resistance to filtration of sludge B is slightly higher than sludge A, and this agrees with the higher frequency of chemical cleaning events (four per year). No significant difference has been observed in terms of CST (25.2 s for sludge B).
The poorer filterability of sludge collected at plant B is further confirmed by the typical TMP-jump profiles reported by the plant operators and widely discussed in literature (Cho & Fane 2002; Ognier et al. 2004; Guglielmi et al. 2007 ).
Such phenomena are most probably due to the accumulation of secondary foulants (SMP and EPS mainly) onto the membrane surface; this leads to a kind of "jelly" and "sticky" fouling, which becomes much more evident when the organic loading increases, also because of the sudden oxygen depletion and the consequent anoxic conditions.
In such sense, the optimisation of scouring aeration supply has been proven to be an effective tool for fouling control within a certain range, by tuning specific aeration supply up to 1.0 Nm 3 m 22 h 21 ; however, further increases do not result in any improvement. 
CONCLUSIONS
